Morphologic variation between two chromosomal forms of Dipodomys agilis was analyzed by use of external, cranial, and bacular characters. Significant morphologic differences were evident between chromosomal forms. Discriminant-function analysis followed by examination of specimens from the Los Angeles Basin, California, suggested a broad zone of sympatry between the two chromosomal forms, primarily delineated by habitat and elevation. Animals with a diploid chromosomal number of 2n = 62 generally were collected in mesic woodland and coniferous forests at higher elevations in the San Gabriel, San Bernardino. and coastal Santa Monica mountains. Conversely, the southern chromosomal form (2n = 60) inhabits a mosaic of environments ranging from coastal grassland and chaparral in southern California to arid desert and conifer forests in Baja California. These two chromosomal forms appear to represent two distinct species.
The geographic distribution of the agile kangaroo rat (Dipodomys agilis) extends from the coastal mountains of southern California (35°N) through most of Baja California (25"N-Best, 1983a) . The ecological distribution of this taxon ranges from sparsely vegetated deserts to montane-coniferous forests (Best, 1983a; Best et al., 1986) . Although Best (1983a) summarized intraspecific variation among populations of this species, karyotypic data were unavailable for most samples. Thus, a rigorous distinction between the two chromosomal forms was not possible using morphologic criteria.
Although Best et al. (1986) documented the presence of two forms of D. agilis based on morphologic, chromosomal. and allozyrnic data, a large number (n = 602) of specimens from coastal-lowland basins of Los Angeles and Ventura counties were not included in their study; thus, the geographic and ecologic distribution of these two forms Jounwl of Mammalogy. 78 (3): 1997 775 in the potential zone of sympatry remains unknown. Because of their conservative interpretation of genic and morphologic data, they did not recommend species-level recognition of the northern 2n = 62 and southern 2n = 60 chromosomal forms of D. agilis. Instead, Best et al. (1986) opted to describe differences between the northern and southern populations and hypothesize that San Gorgonio Pass in southern California is the major geographic barrier separating northern and southern chromosomal forms.
Diagnostic bacula characterize many species of kangaroo rats (Best. 1981; Best and Schnell, 1974; Lidicker, 1960b) . The suggestion that bacula are complex polygenic structures has led to the hypothesis that characteristics of the baculum should vary continuously and smoothly in the absence of reproductive isolation (Patterson and Thaeler. 1982) . Conversely. if bacula are functional in species-specific reproduction. significant variation should exist between closely related taxa (Patterson and Heaney, 1987; Patterson and Thaeler. 1982; Sullivan et aI., 1990) . Thus, if the two chromosomal forms of D. agilis represent distinct species, significant differences in characteristics of bacula should exist between populations representing the two chromosomal fonns. Our objectives were to describe patterns of variation in external and cranial morphology between chromosomal forms of D. agilis using all available specimens; compare bacular morphology between chromosomal forms; test the hypothesis (Best et aI., 1986 ) that San Gorgonio Pass in southern California is the major geographic bamer separating northern and southern chromosomal fOnTIs; assess the systematic implications of our analysis; provide a definitive statement concerning the taxonomic status of the two chromosomal fonus; and propose an historical biogeographic hypothesis to explain the distribution and evolutionary relationships among species of the heermanni group of kangaroo rats.
MATERIALS AND METHODS
Four external and 14 cranial characters (Table  1) were measured for 1,897 adult specimens from throughout the range of D. agilis (997 males, 900 females). Illustrations of characters used, methods of measuring, and aging techniques follow Best (1978 Best ( , 1983a Best ( , 1993 . To characterize the extent of morphologic divergence between the two karyotypic fonns of D. agiUs, discriminant-function analysis was perfonned only on populations assigned to groups based on known or probable diploid chromosomal number (2n = 62 and 2n = 60). For example, based on karyotypic investigations of Csuti (1971) , Stock (1974), and Best et al. (1986) , populations 1-3 were assigned to the 2n = 62 group, whereas populations 15-25 were assigned to the 2n = 60 group (Fig. 1 ). Because karyotypes of kangaroo rats from intervening localities (populations 4-14; Fig. 1 ) were largely unknown, they were not included in analyses. Upon completion of the discriminant-function analysis, however, one of us (TLB) re-examined all specimens from intervening localities. Based on diagnostic characteristics of the cranium signaled by discriminant-function analysis, as well as by visual observation, all specimens from populations 4-14 were classified as a member of either the 2n = 62 or 2n = 60 type. To test the hypothesis that San Gorgonio Pass is a major geographic barrier separating northern and southern chromosomal fonns of D. agilis (Best et al., 1986) , our analysis focused specifically on specimens from the heavily populated and urbanized areas lying within the lowland regions of eastern Ventura, Los Angeles, and western Riverside counties (populations [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Because our morphological study included all available specimens, many of the historical collection sites predate much of the urbanization that has occurred in the region, and natural habitat in these areas may no longer exist.
Populations ( Fig. 1 ) examined herein were as follows (population numbers corresponding to those of Best, 19830 , are in parentheses): 1, Sierra Nevada (1); 2, Mount Piiios (3); 3, Santa Barbara (2 and 4); 4, Soliment Canyon (5, 6 , and 9); 5, Los Angeles (7 and 10); 6, Cajon Pass (8 and 12); 7, Lake Mathews (11 and 14) Ignacio (33); 25, Magdalena Plain (34) . A listing of specimens examined from each population is presented in Appendix I.
Bacula were prepared as outlined by Lidicker (1960b). We followed the criteria of Best and Schnell (1974) in detennining age of animals and only adults were used in our analyses. Greatest length of shaft, height at base of shaft, height at mid-shaft, width at base of shaft, width at mid-shaft, width at tip of shaft, depth of tip of shaft, and angle of tip were recorded from each baculum. Camera-lucida images magnified 12x were measured to the nearest 0.01 mm with dial calipers and angles were measured to the nearest 0.5 0 with a protractor. Statistical analyses were performed by use of BIOLTAT I and II computer packages (Pimentel and Smith, 19860, 1986b (1979) and Humphries et aI. (1981) . Sexual dimorphism in size was assessed within each chromosomal fonn by use of multivariate analysis of variance (MANOV A) followed by a single-classification analysis of variance (ANOV A) of each character. MANDV A also was used to test the equality of group centroids between specimens of the same sex, but different chromosomal groups. Standard discriminant-function analysis distinguished (on the basis of external and cranial morphology) between the two chromosomal forms of D. agilis and D. stephensi in the potential zone of sympatry. Canonical-variate analysis (CV) was used as an ordination technique to examine generalized distances and evaluate geographic variation among group centroids in reduced space (Pimentel and Smith, 1986b) . Latitude was related to morphologic variation by using scores of individuals (dependent variables) along CVI in a regression analysis against latitude (independent variable). Because of multiple Y -values (scores of individuals) for each X-value (latitude), a complete regression analysis is possible (Pimentel and Smith, 1986b) . To test the hypothesis that interlocality variation was associated primarily with environmental variation, population centroids along CVI were used in a correlation analysis to examine the degree that morphology was reflected in a major gradient of environmental variation associated with macrohabitat diversity (Brown. 1982) . average annual rainfall. and temperature (Pimentel and Smith. 1986b; ROlenberry, 1978) .
Herein, we describe morphologic differences between two chromosomal forms of D. agilis; however. an additional species of kangaroo rat (D. stephensi) is sympatric-syntopic with these two chromosomal forms. Although habitat affinities of D. stephensi generally include areas of sparse vegetation. level or rolling topography. and soil neither extremely dense nor largely sand (Grinnell, 1922; Lackey, 1967) . the morphologic relationship of D. stephensi to the two chromosomal forms of D. agilis is unknown. A potential criticism of our analysis is that some of the specimens we originally examined from the Los Angeles Basin may be D. stephensi. not D. agiUs (Best et al .• 1986) . To address this issue. discriminant-function analysis of external and cranial characters was performed on each sex of D. agilis both chromosomal forms combined) and D. stephens;. 
RESULTS

Morphologic
, , showed highly significant (F = 123.5, df = 18,1000, P < 0.(01) morphologic variation between specimens assigned to each chromosomal group. Discriminant-function (DF) analysis correctly classified 82 (2n = 62) and 96% (2n = 60) of the specimens to their respective karyotypic groups. The canonical correlation (r) between groups and individuals was 0.74 indicating high goodness-of-fit among individuals within each chromosomal group. Pooled-within group correlations between DFI and discriminating variables were highest for length of hind foot (0.49) and basal length of cranium (0.58). ANOVA revealed significant morphologic heterogeneity between chromosomal groups in all characters except interorbital width, basioccipital length, and greatest width of cranium ( Table 1) .
Within the 2n = 62 chromosomal group, MANOVA was significant (F = 2.95, df = 18,322, P < 0.(01) and F-values produced by ANOVA showed that means for most characters were significantly different between sexes; males were significantly larger than females in 15 (83%) of 18 characters. Discriminant-function analysis correctly assigned 67 (males) and 61% (females) of the specimens to their respective sex. Similarly, within the 2n = 60 chromosomal form, MANOVA also showed significant dimorphism in size between sexes (F = 5.4, df = 18,1000, P < 0.(01). Fvalues produced by ANOVA showed that means for most characters were significantly different between sexes; males were significantly (P < 0.05) larger than females in 11 (61%) of the characters. Discriminantfunction analysis of all characters simultaneously correctly assigned 68 (males) and 52% (females) of specimens to their respective sex. Thus, in both chromosomal groups, males averaged larger than females in most characters.
Significant variation in morphology also was evident between kangaroo rats of the same sex, but different karyotype. For example, MANOVA was significant (F = 66.1, df = 18,975, P < 0. (01) when males of the 2n = 62 chromosomal group were compared to males in the 2n = 60 chromosomal group. A similar pattern of variation also was observed when females of each chromosomal group were compared (F = 59.9, df = 18,867, P < 0.(01). Ninety-four percent of males and females were correctly classified to their respective chromosomal form. Canonical correlation (r) between groups and individuals was 0.74 for males and 0.75 for females. Pooled within-group correlations between the first canonical-variate axis and discriminating variables were highest for length of hind foot (0.48 males and 0.52 females) and basal length of cranium (0.61 males and 0.55 females). ANOVA revealed significant morphologic heterogeneity between genders of each chromosomal form in all characters except interorbital width, intermaxillary width, length of alveolar toothrow, and greatest depth of cranium (Table I) .
Finally, specimens were grouped by sex and karyotype (four groups). As predicted, MANOVA revealed significant (F = 30.6, df = 54,1000, P < 0. (01) groups evaluated by karyotype and sex. An average of 57% of the specimens were correctly classified to their respective gender and karyotype (minimum 46% for females of 2n = 62, maximum 64% for males of 2n = 60). Females of each chromosomal form were most frequently misclassified with males of the same karyotype.
Specimens of unknown karyotype.-A total of 998 individuals (522 males and 476 females) of unknown karyotype also were examined. Of these, 112 males and 101 females Were assigned by visual observation of diagnostic skull characters, to the 2n = 62 group, and 410 males and 375 females were assigned to the 2n = 60 group. These data were then overlaid onto a map of the geographic distribution of the species. Contrary to Best et al. (1986) , our analysis suggests a broad zone of sympatry between the two chromosomal forms (Fig. 3) . This zone encompasses virtually the entire expanse of lowland or basin habitat extending south from southern Ventura Co. near Oxnard (1 19°) , to southern Los Angeles, Orange, southwestern San Bernardino, and northwestern Riverside counties near San Gorgonio Pass (117°). This area lies within the Californian Valley Grassland and Coastalscrub biotic communities of the Southwest (Brown, 1982) .
Based on these data, we hypothesize that the 2n = 62 chromosomal form of D. agilis generally is distributed above 800 m in the San Bernardino (population 8), San Gabriel (7), and Santa Monica (9) mountains. With few exceptions, the 2n = 60 chromosomal form occurs in lowland-scrub and coastalmountain habitat below ca. 800 m in the San Fernando Valley and Los Angeles Basin south into Baja California. Populations with both karyotypes are hypothesized to occur primarily along the lower-elevation regions of Cajon Pass, separating the San Gabriel and San Bernardino mountains north of the city of San Bernardino, and the foothills north of the cities of San Fernando, Filmore, and Beverly Hills. Many specimens used in our analysis were collected from areas that currently lie within major metropolitan regions (e.g., Los Angeles, San Bernardino, Riverside) , and many of these specimens were collected >50 years ago. Suitable natural habitat, as well as viable populations in many of these areas, likely no longer exists, thus potentially precluding future tests of reproductive isolation and detailed karyotypic assessments of animals in this highly populated and urbanized region. Further, because some collectors provided only the nearest city as the specific sampling site, the ecologic separation of the two fonns may be more pronounced than indicated in Fig. 3 .
Bacular morphology.-To test our hypothesis based on external and cranial characters, we also assessed variation in morphology of the baculum between the two chromosomal fonns. Specimens from populations I ~ 3 were assigned to the 2n = 62 karyotype (n = 25) and specimens from populations 15-28 were assigned to the 2n = 60 karyotype (n = 119) following the rationale described for external and cranial characters. As expected, MANOVA was significant (F = 6.9, df. = 8,135, P < 0. (01) and ANOVA showed that the 2n = 62 chromosomal fonn is significantly (P 2:: 0.05) larger than the 2n = 60 form in greatest length of shaft (X = 10.78 and 10.35 mm, respectively), height at base of shaft (1.82 and 1.72 mm) and height at mid-shaft (0.84 and 0.78 mm); whereas the 2n = 60 chromosomal fonn has a significantly greater angle at the tip of the baculum (86.6 and 84.4°).
Geographic variation within chromosomal forms.-A test of the equality of group centroids was significant (MANO-VA; F = 4.7, df. = 90,1547; P < 0. (01), thus rejecting the null hypothesis of no significant geographic variation in morphology among populations composing the 2n = 62 chromosomal form (sexes combined). Discriminant-function analysis correctly classified an average of 52% of the specimens to their respective populations (range = 19% for the San Bernardino Mountains to 71% for Soliment Canyon). ANOVA revealed significant (P < 0.01) mmphologic heterogeneity among popUlations in all characters except length of body (F = 1.6; df. = 5,335; P = 0.17) and length of alveolar toothrow (F = 1.03; df. = 5,335; P = 0.40). The first three canonical vectors accounted for 87% of the variation; two distinct groups were shown (Fig. 4a) . The first group includes populations from the Sierra Nevada Mountains, Mount Pinos, and the Los Angeles (San Gabriel Mountains, San Fernando Valley) areas, which plot above the origin in Fig. 4a . These populations consist of relatively large-sized and robust animals inhabiting upper to high elevations within the Sierra Montane Conifer Forest and Woodland biotic communities (Brown, 1982) . The second group includes populations consisting of rather homogenous small to intennediate-sized animals, which plot below the origin in Fig. 4a . These kangaroo rats generally are found within Californian coastal-scrub and mountain habitats below ca. 500 m in the northcentral region of the Los Angeles Basin (Soliment Canyon area, Santa Clara River, Mint Canyon, Santa Monica Mountains), as well as populations inhabiting lower-elevation Californian Chaparral and Valley Grassland biotic communities in the vicinity of Santa Barbara (Santa Barbara, Lompoc, Santa Ynez) and Cajon Pass (Cajon Pass, San Bernardino Mountains, Reche Canyon) .
For the 2n = 60 chromosomal fonn (sexes combined), MANOVA also indicated significant geographic variation among popUlations (F = 7.6; df. = 378,20790; P < 0.001). Discriminant-function analysis correctly classified an average of 34% (range = 2% for Ensenada to 69% for Valle de Trinidad) of specimens to their respec- (21), and Magdalena Plain (22) inhabited the southenunost latitudes; whereas small to medium-sized kangaroo rats (populations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] characterized populations on northern sites. A plot of the first two canonical variate vectors showed two distinct groups (Fig. 4b) . The first group was dominated by populations that showed a distinct gradation in size from small to large moving from left to right along CVI. The second group consisted of large-sized populations distributed in the extreme southenunost latitudes along the peninSUla of Baja California. CVIl was highly correlated wilh basal lenglh of skull (0.63), intermaxillary widlh (0.59), lenglh of hind foot (0.54), lenglh of tail (0.43), and lenglh of body (0.44).
Principal-components (PC) analysis of environmental variables associated with each population accounted for 97% of variation on the first axis. The percentage of variance of each variable contributing to PCI was 99, 92, and 38% for habitat diversity. average annual rainfall. and average annual temperature. respectively, Examination of factor loadings shows that PCI is highly correlated with habitat diversity (r = 0.97), average annual rainfall (r ~ 0.96), and average annual temperature (r = -0.62). Thus. in the northern part of the range. high positive loadings indicate relatively moist-mild climates compared to more southern sites where conditions are warm and arid. Because virtually all of the original variability was contained in the first component. it is justifiable to treat this vector as representing an environmental gradient (Rotenberry, 1978 (Csuti, 1971 (Csuti, , 1979 Stock, 1974) . The idea that the 2n ~ 62 and 20 ~ 60 chromosomal forms of D. agilis might represent distinct species has been alluded to based on mOIphologic (Best, 1983a; Huey, 1951; Lackey, 1967; Merriam, 1904) , ecologic (Lackey, 1967) , karyotypic (Csuti, 1971; Stock, 1974) , and biochemical criteria (Best et al., 1986) . Results of the present investigation demonstrate statistically significant morphologic differences between these two chromosomal forms in morphology of the baculum, crania. and external characters. Males and females of the 2n = 62 chromosomal form are significantly larger than the corresponding sex of the 2n = 60 foon.
Previous chromosomal studies have not identified areas of syntopy (Wiley, 1981) between the 2n ~ 60 and 2n ~ 62 karyotypic forms (Best et al., 1986; Csuti, 1971; Stock, 1974) , but examination of specimens and discriminant-function analyses of cranial and external characters suggest that sympatric associations between the two chromosomal foons exist in regions of the Los Angeles Basin. Significant differences in characteristics of the baculum between the two groups suggest the potential for reproductive isolation should the two chromosomal foons actually coexist. Further, in situations where differences in the baculum between the two groups do not coincide with species limits, the function of bacula in promoting reproductive isolation may be superseded by other isolating mechanisms. For example, ecologic factors also may contribute to reproductive isolation; the 20 = 62 form appears to inhabit more mesic habitats ranging from evergreen-woodland to coniferous-forest. Conversely, the 2n = 60 foon is ecologically eclectic, occurring in more open grassland and chaparral communities in southern California (Lackey, 1967) and ranging from desert to coniferous forest in Baja California (Best, 1983a; Best et al., 1986; Huey, 1951; Lackey, 1967; Stock, 1974) .
Based on chromosomal, allozymic, morphologic, and ecologic differences between these two chromosomal forms and the morphologic separation of these two foons from D. stephensi in the hypothesized zone of sympatry (syntopy), we recommend (based on priority) that the 2n ~ 62 chromosomal foon be referred to as D. agilis, and the 2n = 60 chromosomal form be given specific status as D. simulans. Although chromosomal and statistical techniques differentiated specimens of D. agilis and D. simulans, these two species also can be separated using diagnostic morphologic characters found on existing museum specimens. Hall (1981:575, figure 359 ; 1981: 577, figure 360) 
Synopsis of Subspecies
According to our findings and the conclusions of Best (1978) , the correct names for the taxa of the agilis species complex of the heermanni species group in southern California and Baja California follows. (Mertiarn, 1907) Perodipus perplexus Merriam, 1907: (Fig. 6) .
Dipodomys agilis agilis
Dipodomys agilis perplexus
Remarks.-Average (::t ISD) and range of external and cranial measurements (mm) are: males, character 1) 114.5(7.4) 56.0-171.9; 2) 170.1 (11.3) Specimens examined.--(l,220 males and 996 females): includes specimens listed as populations 4S, 5S, 6S, 7S, 8S, and 9-24 in Appendix I. (Merriam, 1907) Perodipus simulans peninsularis Merriam, 1907:79. Type locality "Santo Domingo [lat. 28' 15'-Huey, 19511, Lower California, Mexico." Dipodomys peninsularis peninsularis, Huey, 1951 :246, see above.
Dipodomys simulans peninsularis
Distribution.-Southern Baja California (Fig. 6) .
Remarks.-We are not aware of any major geographic barriers that separate this rather large fonn from D. s. simulans. Average 
Historical Biogeographic Hypothesis
A Matthewian model (Murphy, 1983b) has been proposed to explain contemporary patterns of distribution and differentiation of vertebrates on peninsular Baja California. It represents variations on a theme that derive peninsular biotas from northern ancestors that dispersed southward from southern California and Arizona. Alternatively, the transgulfian vicariance hypothesis (Murphy, 1983a (Murphy, , 1983b states that many unique species in Baja California evolved in isolation when the peninsula separated frOID the mainland of Mexico during the Miocene (1.5 X I Q1 years ago).
Fossils referable to the genus Dipodomys are known from the Miocene to Recent of western North America. yet extant species appear to have arisen since the early Pleistocene from an ancestral lineage that included the genus Prodipodomys (Hafner and Hafner, 1983) . Sympatric occurrences , 1983) . The transgulfian vicariance hypothesis, therefore, does not appear to be appropriate for predicting patterns of speciation in kangaroo rats because separation of the peninsula from mainland Sonora occurred too early. During late Pliocene to early Pleistocene, the Los Angeles Basin was inundated by the sea, and orogeny of the Sierra Nevada and Coast ranges was just beginning (Smith, 1979) . Flooding and the northern extension of the Sea of Cortez prevented or severely restricted dispersal along the mesic corridor of the Baja California peninsula at its northern limit (Murphy, 1983a (Murphy, , 1983b . At this time, the San Gorgonio Pass is hypothesized to have acted as a filter barrier, preventing sympatry between populations of xeric-adapted vertebrates to the north and south. By late Pliocene, the mid-peninsular desert had formed and isolated mesic-adapted taxa to the south and north. During the Pleistocene, the Sea of Cortez receded to its present location, eliminating the San Gorgonio Barrier. During the late Pleistocene, Lake Coahuilla (Coachella Valley) occupied a considerably larger part of the hnperial Valley than is occupied presently by the extant Salton Sea (Durham and Allison, 1960) . Presumably much of the Los Angeles Basin also was inundated by ocean at this time. By early to middle Pleistocene, the presumed ancestral stock of the heennanni group of kangaroo rats penetrated the Colorado and Mojave deserts and spread throughout the Great Basin, California, and Baja California (Stock, 1974) . Based on inferences derived from karyology and mmphology, Stock (1974) Vol. 78, No.3 the ancestral stock that ultimately gave rise to D. simulans (20 = 60) . The contemporary distribution of this species in Baja California includes mesic, chaparral. and aridlowland habitats. A similar paleobiogeographic hypothesis also has been implicated in the patterns of differentiation exhibited by northern and southern subspecies of Peromyscus califomicus (Smith, 1979 
